In this paper we study the photon production in single and double diffractive processes considering the Resolved Pomeron model. We estimate the rapidity and transverse momentum dependence of the cross section for the diffractive double photon and photon+jet production. A comparison with the inclusive production is presented. We predict large values for the total cross sections, which makes the experimental analysis of these observables feasible at LHC energies.
I. INTRODUCTION
A long-standing puzzle in the particle physics is the nature of the Pomeron (IP ). This object, with the vacuum quantum numbers, was introduced phenomenologically in the Regge theory as a simple moving pole in the complex angular momentum plane, to describe the high-energy behaviour of the total and elastic cross-sections of the hadronic reactions [1] . Due to its zero color charge the Pomeron is associated with diffractive events, characterized by the presence of large rapidity gaps in the hadronic final state. The diffractive processes have attracted much attention as a way of amplifying the physics programme at hadronic colliders, including searching for New Physics (For a recent review see, e.g. Ref. [2] ). The investigation of these reactions at high energies gives important information about the structure of hadrons and their interaction mechanisms.
The diffractive processes can be classified as inclusive or exclusive events (See e.g. [2] ). In exclusive events, empty regions in pseudo-rapidity, called rapidity gaps, separate the intact very forward hadron from the central massive object. Exclusivity means that nothing else is produced except the leading hadrons and the central object. The inclusive processes also exhibit rapidity gaps. However, they contain soft particles accompanying the production of a hard diffractive object, with the rapidity gaps becoming, in general, smaller than in the exclusive case. Moreover, the inclusive processes can also be classified as single or double diffractive, which is directly associated to the presence of one or two rapidity gaps in the final state, respectively.
The diffractive physics has been tested in hadron-hadron collisions considering distinct final states like dijets, electroweak vector bosons, dileptons, heavy quarks, quarkonium + photon, and different theoretical approaches (See, e.g., Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ). One of these approaches is the Resolved Pomeron Model, proposed by Ingelman and Schlein in Ref. [17] , which assumes the validity of the diffractive factorization formalism and that the Pomeron has a partonic structure. The basic idea is that the hard scattering resolves the quark and gluon content in the Pomeron [17] , which can be obtained by analysing the experimental data from diffractive deep inelastic scattering (DDIS) at HERA, providing us with the diffractive distributions of singlet quarks and gluons in the Pomeron [18] . However, other approaches based on very distinct assumptions, for example the BFKL Pomeron, are also able to describe the current scarce experimental data. Consequently, the present scenario for diffractive processes is unclear, motivating the study of alternative processes which could allow to constrain the correct description of the Pomeron.
In Ref. [19] we have proposed, for the first time, the study of the photon production as a complementary test of diffractive processes and the pomeron structure. In this paper we present a detailed analysis of the rapidity and transverse momentum dependence of the cross section for the diffractive double photon and photon+jet production. Moreover, a comparison with the inclusive production is presented. Our motivation is associated to the fact that the production of prompt photons is dominated at leading order by the QCD Compton subprocess qg → γq (See, e.g., [20] ), which makes this process a probe of the diffractive gluon and quark distributions, in contrast to diffractive heavy quark production which probes mainly the diffractive gluon distribution.
The content of this paper is as follows. In the next we present a brief review of the formalism for the prompt photon and double photon production in inclusive and diffractive processes. In Section III we present our predictions for the rapidity and transverse momentum distributions as well as for the total cross sections and event rates. In Section IV we summarize our main conclusions. 
II. SINGLE AND DOUBLE DIFFRACTIVE PHOTON PRODUCTION
In the following we apply the Resolved Pomeron Model [17] for the diffractive photon production. This model assumes that the Pomeron has a well defined partonic structure and that the hard process takes place in a Pomeronproton or proton -Pomeron (single diffractive), or Pomeron -Pomeron (double diffractive) processes. At leading order the prompt photon production the hard process is determined by the Compton process qg → qγ, the annihilation process→ gγ and the processes→ γγ (pure EM), gg → γγ and gg → gγ [20] . Higher order contributions are not considered here and can be taken into account effectively with a K factor. In order to estimate the hadronic cross sections we have to convolute the cross sections for these partonic subprocesses with the inclusive and/or diffractive parton distribution functions, depending on the process under analysis.
The photon + jet production in single and double diffractive processes is described by the diagrams like those presented in Fig. 1 . Moreover, we include the contributions associated to the production of a photon and an unobserved photon (γX). In single prompt photon diffractive production the Pomeron might be emitted from one of the two protons and one should include both pIP and IP p interactions. The final state will be characterized by the presence of one rapidity gap. The corresponding cross section may be written as (See e.g. Ref. [21] )
where are the LO partonic cross sections for all considered subprocesses. In the case of double diffractive prompt photon production (also called central diffractive) one has IP IP interactions and one looks for events with two rapidity gaps and a γ+jet at the central region. The corresponding cross section is given by
which is strongly sensitive to the Pomeron structure due to the quadratic dependence on the diffractive parton distributions.
The double photon production in single and double diffractive processes are described by the diagrams like those shown in Fig. 2 , taking into account the→ γγ and gg → γγ subprocesses. Besides the rapidity and transverse momentum distributions given above it is useful in the double photon production to analyze the distribution on the invariant mass of the γγ system, for which the single diffractive processes can be written as
where
, and y 1 , y 2 are the rapidities of the outgoing photons. For double diffractive processes, the factor in the brackets in Eq. (3) is replaced by f
. In the present work, the diffractive parton distributions in the proton are taken from the Resolved Pomeron Model [17] , where they are defined as a convolution of the Pomeron flux emitted by the proton, f I P (x I P ), and the parton distributions in the Pomeron, g I P (β, µ 2 ), q I P (β, µ 2 ), where β is the momentum fraction carried by the partons inside the Pomeron. The Pomeron flux is given by f I P (x I P ) = tmax tmin dtf I P /p (x I P , t), where f I P /p (x I P , t) = A I P · e B I P t x 2α I P (t)−1 I P and t min , t max are kinematic boundaries. The Pomeron flux factor is motivated by Regge theory, where the Pomeron trajectory assumed to be linear, α I P (t) = α I P (0) + α ′ I P t, and the parameters B I P , α ′ I P and their uncertainties are obtained from fits to H1 data [18] . The diffractive quark and gluon distributions are then given by
In our analysis we use the diffractive parton distributions obtained by the H1 Collaboration at DESY-HERA [18] . Moreover, we use the inclusive parton distributions as given by the CTEQ6L parametrization [22] . In order to obtain reliable predictions for the diffractive cross sections one should take into account that the QCD hard scattering factorization theorem for diffraction is violated in pp collisions by soft interactions which lead to an extra production of particles that destroy the rapidity gaps related to pomeron exchange. The inclusion of these additional absorption effects can be parametrized in terms of a rapidity gap survival probability, S 2 , which corresponds to the probability of the scattered proton not to dissociate due to the secondary interactions. These effects have been calculated considering different approaches giving distinct predictions (See, e.g. Ref. [23] ). An usual approach in the literature is the calculation of an average probability |S| 2 and after to multiply the cross section by this value. As previous studies for single and double diffractive production [6, 10] we also follow this simplified approach assuming |S| 2 = 0.05 for single diffractive processes and |S| 2 = 0.02 for double diffractive processes. These values are taken from Ref. [24] .
III. RESULTS
In what follows we present our results for the diffractive photon production at LHC energies. Initially we analyse the dependence of our predictions on the diffractive parton distribution used in the calculations. The H1 Collaboration proposed two different parametrizations for the diffractive parton distributions (denoted A and B in Ref. [18] ), which differ in the form of the parton densities at the starting scale for the QCD evolution and in the value of the effective pomeron intercept, being α I P (0) = 1.118 ± 0.008 in fit A and α I P (0) = 1.111 ± 0.007 in fit B. In Fig. 3 (left panel) we present our results for the rapidity distribution for the photon+jet production in double diffractive processes (denoted Double Diffractive Prompt γ hereafter). We consider this process for this analysis due to the quadratic dependence on f D . The difference between the predictions is small ( 10%), mainly in |η| < 4 region. Similar results are obtained for the transverse momentum dependence, with the difference being at large-p T [See Fig. 3 (right panel) ]. In the following calculations we will use the diffractive parton distributions as given by the fit B in Ref. [18] .
Lets analyse now the contribution of the different partonic subprocesses for the double diffractive prompt γ production. In Fig. 4 the distinct contributions are explicitly presented. As expected from the inclusive case, the cross section for this process is dominated by the QCD Compton subprocess qg → qγ, with the annihilation channel→ gγ being smaller by one order of magnitude. Moreover, the double photon production is dominated by the gg → γγ subprocess. In Fig. 5 we present our predictions for the prompt photon production in single and double diffractive processes. For the sake of comparison, we also show the inclusive (non-diffractive) LO predictions. One observes a reduction of two orders of magnitude when going from the inclusive to single diffractive, and from single to double diffractive. However, as verified in Table I , the diffractive cross sections and event rates/second are still sizeable and could be measured at the LHC. In our calculations of the event rates we have assumed the design luminosity L pp LHC = 10 7 mb −1 s −1 . The results for double photon production are shown in Figs. 6 and 7. Compared with prompt photon production, one has much cleaner processes because of the absence of a produced jet. On the other hand, the cross sections are much smaller (by three orders of magnitude), since only the subdominant subprocesses contribute. On the single diffractive case, one could in principle measure photon pairs with invariant mass up to higher values. For the double diffractive case, the distribution drops fast and then only lower values for the diphoton invariant mass would be accessible. The total cross sections and event rates/second are presented in Table I .
Some comments are in order. Firstly, the double photon production in central exclusive diffractive processes, pp → pγγp, where nothing else is produced except the leading hadrons and the two photons, have been studied in [25] , observed in pp collisions at Tevatron [26] and searched for at the LHC [27] . At √ s = 14 TeV, the cross section is predicted to be equal to 20 pb for diphoton masses M γγ > 5 GeV [25] . Moreover, the exclusive double photon production in pp collisions was recently studied in Ref. [28] considering the incident protons as photon emitters and the elastic light-by-light scattering (γγ → γγ), obtaining σ excl γγ→γγ [M γγ > 5GeV] = 12 fb at √ s = 14 TeV. In contrast, for the double diffractive γγ production considered in this paper, which is characterized by the presence of remnants of the Pomeron beyond the leading hadrons and the two photons, we predict σ DD (M γγ > 5 GeV) = 120 pb. If we consider the Tevatron energy and the rapidity range probed in [26] , given by |η(γ)| < 1, we predict σ DD = 6.6 pb, in contrast with the central exclusive prediction of 0.2 -2 pb, depending on the unintegrated gluon distribution used in the calculations, which reasonably describes the experimental data. It is important to emphasize that it is not obvious if the double diffractive and the central exclusive mechanisms could be differentiated experimentally at the LHC. Unfortunately, due to the high luminosity and large pile-up environment the separation of the diffractive processes considering the rapidity gaps and the detection or not of the remnants of the Pomeron will be a hard task. Another comment is that distinctly from the heavy quark and dijet production, which can be produced in exclusive and inclusive double diffractive processes, the production of photon + jet can only occur in the latter case, which makes the experimental analysis of this final state ideal to study the validity of the Resolved Pomeron Model. Moreover, as already emphasized in the Introduction, in the photon + jet production we also are probing the diffractive quark distributions. Therefore, the combined analysis of this process and heavy quark or double photon production can be useful to constrain these distributions.
IV. SUMMARY
As a summary, in this paper we have presented a detailed analysis for the diffractive photon production in pp collisions at the LHC. We have discussed this process in the framework of the Resolved Pomeron model corrected for absorption effects, as used in the estimation of several other diffractive processes. Our results indicate that the experimental analysis is feasible and it would help in constrain the underlying model for the Pomeron and the diffractive parton distributions. 
